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THE SERUM PROTEINS IN DISEASES OF CONNECTIVE TISSUE*
AN ELECTROPHORETIC STUDY
SHELDON A. WALKER, M.D. AND EARL P. BENDITT, M.D.
There has been a considerable amount of speculation on a possible "common
denominator" (1, 2) among the various diseases producing diffuse connective
tissue changes, namely lupus erythematodes, dermatomyositis, scieroderma,
polyarteritis nodosa, erythema nodosum and rheumatic fever. Two of them,
scleroderma and dermatomyositis, have been claimed by some observers (3—5)
to be identical pathologically. For the whole group of diseases the hypothesis has
been advanced that the collagen alterations are produced by an allergic reaction
to an infectious agent, or to the patient's own tissue proteins altered by an in-
fectious process.
These views are by no means generally accepted, however, and much more
evidence is needed before any conclusions can be drawn. It occurred to us that
some evidence for or against these propositions might be obtained by an electro-
phoretic study of the serum protein fractions in these diseases. In diseases in-
volving immunological mechanisms, there is usually an increase in the gamma
globulin which contains most of the known specific antibodies and the isohemag-
glutinins. We reasoned that if the "collagen diseases" are based on such a mecha-
nism, they might be accompanied by an elevation of the gamma globulin; and
if the pathogenesis is the same in all members of the group, then all might show
the same or similar protein changes. While electrophoretic studies have previ-
ously been reported in disseminated lupus erythematodes (6) and rheumatic
fever (7—9), and we have published a preliminary report on diffuse scleroderma
(10), no similar studies have been done on chronic discoid lupus erythematodes,
circumscribed scleroderma or dermatomyositis.
MATERIALS AND METHODS
The experimental material consisted of 14 patients with lupus erythematodes,
14 patients with scleroderma, 5 patients with dermatomyositis, 4 patients with
rheumatic fever, and 14 normal individuals. Fasting blood specimens were drawn
from all subjects. The serum was dialyzed for 48 hours against a barbiturate
bufferat a pH of 8.6 andanionic strengthof0.1. Attheend of dialysis the serum
was diluted 1:3 and subjected to electrophoretic analysis by the method of
Tiselius. Further details of procedure and pattern measurement can be found in
a previous report (11).
Protein concentration was estimated by determining the protein nitrogen of
the serum by micro-Kjeldahl and multiplying by the factor 6.25. In a few cases
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proteins were determined by the falling drop technic (12). The latter method in
our hands has given results agreeing, within the limits of error of the method,
with the Kjeldahl nitrogen estimates.
RESULTS
The results of electrophoretic analysis of the serum proteinsin lupus erythema-
todes, dermatomyositis, scleroderma, and rheumatic fever are summarized in
TABLE I
Electrophoretic analysis of serum proteins in diseases producing diffuse collagen changes
PROTEIN CONCENTRATION—GUS. %
Alb.
Globulins
— — T.P.
ai as fi y
Normal (14 sera) Av 4.01 0.33 0.65 1.07 0.90 6.96
S.E 0.07 0.01 0.01 0.04 0.05 0.13
Lupus erythematodes
Chronic discoid (4 sera) Av 3.66 0.36 0.56 1.12 1.27 6.96
S.E 0.18 0.03 0.04 0.09 0.07 0.14
Subacute disseminated (5 sera) Av 3.24 0.36 0.73 1.18 1.70 7.20
S.E 0.04 0.01 0.04 0.07 0.09 0.29
Acute disseminated (4 sera) Av 2.27 0.42 0.76 0.66 1.96 6.07
S.E 0.35 0.04 0.06 0.10 0.15 0.52
Dermatomyositis (4 sera) Av 2.71 0.33 0.70 0.97 1.02 5.73
S.E 0.24 0.04 0.07 0.05 0.13 0.44
Scieroderma
Circumscribed (6 sera) Av 3.16 0.39 0.78 1.15 1.19 6.67
S.E 0.11 0.03 0.06 0.09 0.23 0.58
Diffuse (8 sera) Av 3.21 0.36 0.66 1.05 1.46 6.75
S.E 0.19 0.02 0.05 0.06 0.11 0.25
Rheumatic fever (4 sera) Av 3.09 0.41 0.78 0.89 1.99 7.16
S.E 0.12 0.05 0.09 0.09 0.31 0.26
T.P. = Total protein.
S.E. Standard error.
Table. I The average values for each component along with the standard error
are expressed as protein'concentration in grams percent. The same results are
presented graphically in Figures 1, 2, 4 and 5. In Fig. 3 are the values obtained in
a case of apparent transition from lupus erythematodes to dermatomyositis.
Lupus Erythematodes (Fig. 1)
The sera from four cases of chronic discoid lupus erythematodes showed a
significant rise in the gamma globulin concentration, and a decrease in alpha-2
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globulin which was of borderline significance statistically. There was also a trend
toward a decrease in albumin concentration.
In five cases of subacute disseminated lupus erythematodes and in four cases of
acute disseminated lupus erythematodes, there was a rise in gamma globulin and a
decrease in albumin concentration both of which were statistically significant.
In addition, in acute disseminated lupus erythematodes there was a drop in
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the beta globulin concentration. No significant change occurred in the total
protein values.
Dermatomyositis (Fig. )
In four cases of advanced dermatomyositis the serum proteins showed a
marked decrease in albumin concentration with a corresponding fall in the total
protein level. There was, in contrast to the findings in lupus erythematodes, no
change in the gamma globulin concentration.
This difference was further illustrated in serial electrophoretic determinations
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performed on the serum of an unusual case of apparent transition from lupus
erythematodes to dermatomyositis (Fig. 3). This is the case of a 14 year old girl
who was first hospitalized in May, 1046 with typical acute disseminated lupus
erythematodes. Her serum protein values at this time showed the drop in albu-
min concentration and the rise in gamma globulin usually found in this disease.
In July, 1946 when the patient was almost moribund, she was given temporary
X-ray castration and large doses of penicillin. Following this she slowly recovered
EC
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over a period of several months and became entirely free of symptoms for one
year. During this recovery period (1947) all serum protein values returned to
normal except the gamma globulin which remained as high as at the peak of her
illness. At the end of the year she began to have symptoms suggestive of derma-
tomyositis, namely marked muscular tenderness, weakness and atrophy, dyspha-
gia, and vasomotor spasm of the fingers. Muscle biopsy at this time was com-
patible with dermatomyositis. During this period (1948 and 1949) her gamma
globulin dropped significantly almost to normal in keeping with our findings in
other cases of dermatomyositis.
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Scieroderma (Fig. 4)
The mean protein values obtained in six cases of circumscribed scieroderma
(morphea and linear scieroderma) deviated from the control values only in a
consistent lowering of albumin concentration. In individual cases, however,
there were marked fluctuations in the gamma globulin. Usually this was in the
direction of an increase but in one case with extensive involvement there was a
sharp decrease in the gamma globulin concentration. This did not seem to be
correlated with the activity of the disease.
In eight cases of diffuse scieroderma there was a consistent fall in the serum
albumin concentration and a rise in the gamma globulin fraction. In neither
circumscribed nor diffuse scieroderma was there any change in the total protein
concentration.
SERUM PROTEINS IN RHEUMATIC FEVER
Fia. 5
Rheumatic Fever (Fig. .5)
Here again the significant changes found were a fall in serum albumin con-
centration and a marked rise in the gamma globulin without change in the total
protein concentration.
DISCUSSION
It appears that in all of the diseases studied except dermatomyositis there are
similar serum protein changes, namely, a fall in albumin concentration, and a
rise in the gamma globulin level without significant modification of total protein
values. In dermatomyositis on the other hand the gamma globulin level remains
unchanged, although there is a drop in the concentration of albumin and of total
proteins. While alterations in the electrophoretic pattern are not specific for any
given disease or disease process, still such a consistent difference in patterns
would suggest that there might be some difference in pathogenesis between derma-
tomyositis and the other diseases studied.
In those diseases in which a rise in the gamma globulin occurs, we may have
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some clue as to the nature of the pathologic process involved. In general such an
increase suggests antibody production. It is regularly seen in chronic specific
infections such as syphilis (13) and malaria (14), during the recovery stage of
acute infections (15), and in the experimental immunization of animals (16, 17).
It offers presumptive evidence that lupus erythematodes, scieroderma and rheu-
matic fever are associated with antigen-antibody reactions. The absence of an
elevated gamma globulin in dermatomyositis, on the other hand, suggests that a
similar mechanism is not operative here.
Whether the antigen-antibody reactions, which are presumed to occur in these
diseases, actually play a causative role in producing lesions or simply accompany
the lesions is not known. The solution to this problem awaits the demonstration
of specific antibodies and the identification of the antigen which leads to their
production.
The fall in serum albumin which is present in all of the diseases studied may be
due to a number of causes: 1) deficient protein intake or absorption, 2) disturb-
ance of albumin synthesis in the liver due to liver disease, or 3) loss of albumin
through the kidneys or into pleural or peritoneal transudates. A combination of
these factors may be active in the diseases under consideration.
It is of some interest to note that serum protein changes are present even in the
localized forms of both scieroderma and lupus erythematodes indicating some
systemic involvement in these apparently purely cutaneous entities.
SUMMARY
The serum proteins from 14 patients with lupus erythematodes, 14 patients
with scleroderma, 5 patients with dermatomyositis, 4 patients with rheumatic
fever and 14 normal individuals were analyzed by the Tiselius method of electro-
phoresis. The following conclusions appear warranted:
(1) In subacute and acute disseminated L.E., in diffuse scleroderma, and in
rheumatic fever there is a decrease in serum albumin and an increase in serum
gamma globulin.
(2) In dermatomyositis there is no statistically significant increase in gamma
globulin concentration, the only changes being a decrease in albumin and in
total protein levels.
(3) In chronic discoid L.E. and in circumscribed scieroderma changes occur
similar to those in disseminated forms of the disease, differing only in degree.
The possible significance of these changes is discussed.
The authors are indebted to Dr. Stephen Rothman for helpful advice and
direction in this work.
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DISCUSSION
Dn. WALTER F. LEVER: I am very happy that I am in a position to confirm the
findings just described by Dr. Walker. I have so far examined by electrophoresis
the blood serum of 4 patients with acute systemic lupus erythematosus, 2 pa-
tients with generalized scieroderma and 1 patient with dermatomyositis. In the
4 patients with lupus erythematosus the amount of gamma globulin was 2 to 3
times the normal amount, and it is interesting that the rise in the gamma globulin
occurred quite early in the disease. In the 2 patients with scieroderma the amount
of gamma globulin was about twice the normal amount. On the other hand, the
1 patient with dermatomyositis had a normal amount of gamma globulin.
DR. GEOFFREY RAKE: These two papers, between them dealing with the dis-
tinct protein fractions in diseases of the skin, seem to me to be extremely im-
portant. Again I must say, it is the pattern of the globulin that intrigues me most,
principally my thoughts have been chiefly along these lines. I would like, if I
might, to go back to one point raised by Dr. Lever and brought out again in the
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second paper. There is no question but that, in some of these diseases in which
you get a marked rise in the gamma globulin, the pituitary hormone does have a
very dramatic effect—not oniy in the diseases just discussed, but also in rheu-
matic fever. We of course, are just on the threshold of new work in this field and
it is not safe to predict what will come out within the next few months. However,
to say that because the pituitary hormone is effective these diseases have no in-
fectious basis is not logical, and I feel sure Dr. Lever did not mean to imply that.
The relief of these diseases may depend upon correction of some terminal or late
dysfunction but the primary cause may still be some infectious process. I am sure
there are cases in which the gamma globulin can be increased with no known in-
fection to account for it, but in my opinion the group of diseases discussed in this
last paper do not fall into that pattern.
DR. CHARLES R. REIN: For some time we have been interested in the incidence
of false positive serologic tests for syphilis occurring in patients with lupus ery-
thematosus. I would like to ask the presenters whether they found any correlation
between these false positive serologic reactions and the hypergamma globulinemia
occurring in patients with lupus erythematosus.
DR. STANLEY E. HUFF: I was very much impressed by the excellent work of
Doctors Walker and Benditt. It was interesting to note how closely the pattern
parallels the plethysmograms in lupus erythematosus and related diseases. I
think the abnormal findings elicited by both these methods indicate that possibly
morphea and other diseases are actually localized manifestations of generalized
diseases.
Closing discussion by DR. SHELDON A. WALKER: It is gratifying to learn that
Dr. Lever's findings have been similar to ours in this group of diseases.
In answer to Dr. Rein's question about a possible correlation between hyper-
gamma globulinemia and false positive serological reactions—we found no such
correlation in these diseases. In addition, in another series of patients with biologi-
cal false positive serological reactions from other causes, as well as in a series of
proven syphilitics, we found no correlation between positive serological reactions
for syphilis and any electrophoretic fraction (Benditt, E. P. and Walker, S. A.,
Amer. J. Med., 4: 663, May, 1948). It has been shown (Cooper, G. R., Craig, H.
W., and Beard, J. W., Am. J. Syph., 30:555, 1946) that the Wassermann antibody
which migrates between the beta and gamma globulin fractions makes up such a
small part of these fractions that its adsorption does not significantly alter the
electrophoretic pattern.
